Abstract: Stability constant (log ) and thermodynamic parameters of Cd 2+ complexes with sulfonamide and cephapirin were determined by Polarographic technique at pH = 7.30 ± 0.01 and µ = 1.0 M KNO 3 at 250°C. The sulfonamides were sulfadiazine, sulfisoxazole, sulfamethaxazole, sulfamethazine, sulfathiazole, sulfacetamide and sulfanilamide used as primary ligands and cephapirin as secondary ligand. Cd 2+ formed 1:1:1, 1:2:1 and 1:1:2 complexes. The nature of electrode processes were reversible and diffusion controlled. The stability constants and thermodynamic parameters ( G, H and S) were determined. The formation of the metal complexes has been found to be spontaneous, exothermic in nature, and entropically unfavourable at higher temperature.
Introduction
The investigation of metal sulfonamide compounds has received much attention due to the fact that sulfonamides were the first effective chemotherapeutic agents to be employed for the prevention and cure of bacterial infections in humans [1] . The sulphur containing ligands are well known for their anticarcinogenic, antibacterial, tuberculostatic, antifungal, insecticidal, and acaricidal activities [2] . It has been reported that the biological activity of sulphur-containing ligands gets enhanced on undergoing complexation with metal ions [2] [3] [4] . Cephapirin is also a cephalosporin antibiotic which has a broad spectrum of activity against gram-negative bacilli and gram-positive cocci [5] . On the other hand, Cd 2+ is a non-essential heavy metal that is normally present in very low concentrations in our environment [6] . However, due to industrial uses of Cd 2+ , some people can be exposed too much higher concentrations [7] as a result of which they suffer from many serious diseases [8, 9] . The concentration of Cd 2+ in blood and urine in human beings can be reduced by ligand therapy [10] . Sulfonamides are used in combination with other drugs as chemotherapeutic agents in bacterial infections and serious diseases in human [11, 12] . Therefore sulfonamides alone or in combination with cephapirin could be effective against cadmium toxicity.
Experimental
All the chemicals were of analytical grade quality and their solutions were prepared in bi distilled water. Sodium salts of all the selected sulfur drugs and cephapirin (Fluka, Sigma and Aldrich) were used without any additional purification.
pH measurements of the analytes were made on a Elico pH meter (LI -10) using glass and calomel electrodes and fixed at 7.30 ± 0.01 which was adjusted with dilute solutions of HNO 3 or NaOH as required.
Electrochemical Analysis was performed using a Polarographic Analyzer (Elico, Hyderabad Model CL -362). The Polarographic capillary was 5.0 cm. long with diameter 0.06 mm with dropping mercury electrode (DME) characteristics m 2/3 t 1/6 = 2.04 mg 2/3 s -1/2 . All the analytes were deaerated by pure nitrogen gas before recording the currentvoltage data. Potassium dihydrogen phosphatesodium hydroxide buffer was added with the analyte to stabilize its pH.
Results and discussion
A well defined two electron [13] reversible reduction and diffusion controlled wave Cd 2+ was observed in 1.0 M KNO 3 at pH = 7.30 to 8.50 [14] , but pH = 7.30 was selected to study the complex formation in human blood pH. The value of E 1/2 reversible for Cd was -586 mV vs SCE. The nature of current -voltage curve of Cd 2+ complexes with sulfonamide and cephapirin was also reversible and diffusion controlled.
Stability constant of [Cd -sulfonamidecephapirin] complexes
In this system, the concentration of Cd 2+ , KNO 3 complex {where X and Y are sulfonamide and cephapirin and i and j are the stoichiometric numbers for primary and secondary ligands respectively} were given in (Table 2 ) and (Fig. 1) respectively. The polarograms of [Cd -sulfadiazine -cephapirin] at [cephapirin] = 0.025 M were given in (Fig. 2) . It is clear from the polarograms that E 1/2 values of [Cd -sulfadiazinecephapirin] increased with increased of the concentration of cephapirin confirmed the ternary complex formation. These ligands offered bonding to metal ion through the sulfonamido nitrogen atom and sulfonyl oxygen atom of SO 2 group [16, 17] . In case of cephapirin, N of the -lactam ring and O of the carboxylic group might take part in bond formation with Cd making 5 membered ring [18] .
Thermodynamic parameters of [Cd -sulfonamide -cephapirin] complexes:
The thermodynamic parameters, free energy change ( G), enthalpy change ( H) and entropy change ( S) were calculated by following relationships [19] . H = 2.303 R T 1 T 2 (log 2 -log 1 ) T 1 T 2 -G = RT log and G = H -T S
The thermodynamic parameters of the [Cd -sulfonamide -cephapirin] complexes were given in (Table 3) . It is clear from the thermodynamic parameters of complexes that:
a) The stability constants (log 1 ) and (log 2 ) decreased with increased of temperature, confirming that complexes are not stable at higher temperature [19, 20] . b) Sufficiently large negative value of G showed that spontaneous formation of the complexes. Spontaneity increased with temperature, except in the Cd 2+ complex [21] . c) Negative values of H indicated the exothermic nature of the metal-ligand interaction [21] .
d) The S values for the ligand complexes are negative, confirming that the complex formation is entropically unfavourable [22] .
Comparison of stability of the binary and ternary complexes:
The value of mixing constant log K m , which compares the stability of binary and ternary complexes have been calculated by following equation [15] . It is clear from the values of stability constants of complexes that sulfadiazine formed the complexes of minimum stability as its complexes showed the lowest values of E 1/2 in comparison to the other sulfonamide complexes [23] . The stability constants of sulfisoxazole complexes are lesser than sulfamethoxazole complexes is due to the presence of two electron withdrawing CH 3 groups in former than in the latter caused greater steric hindrance [24] in sulfisoxazole complexes than sulfamethoxazole complexes. Similar is the case with sulfamethazine and sulfathiazole complexes. In case of sulfactamide and sulfanilamide, the former is the N 1 -acetyl-substituted derivatives of sulfanilamide formed complexes with Cd having lesser stability constants than sulfanilamide complexes might be the fact that it has CH 3 CO group [24] . The highest values of stability constants of sulfanilamide complexes amongst all other sulfonamide are due to having the largest shift of E 1/2 in its complexes [23] . The values of stability constants varied from 1.70 to 9.20 confirmed that either sulfonamides itself or cephapirin or in combination or their metal complexes could be effective against Cd toxicity [25] .
Conclusion
It is clear from the study that the shift of E 1/2 became more negative on increasing the concentration of sulfonamide and cephapirin to [Cd 2+ ] which confirmed the complex formation. The slope varied from 30 ± 2 mV confirmed that the nature of current voltage curves of metal and their complex formation is reversible. The plots between i d vs h 1/2 are straight lines passing through origin confirmed that the polarograms were diffusion controlled. Cd 2+ formed 1:1:1, 1:2:1 and 1:1:2 complexes. The values of stability constants varied from 1.70 to 9.20 confirmed that either sulfonamide or cephapirin alone or in combination could be effective against Cd toxicity [25] . The study was also carried out at 35 0 C to determine the stability constant and thermodynamic parameters. The values of thermodynamic parameters confirmed that the complexes are not stable at higher temperature [19, 20] .
